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Abstract 
Candida tropicalis W1 was isolated from the sludge in Yantai of China by selective enrichment with phenol. The 
biodegradation studies were performed in a liquid medium with phenolic compounds as the sole source of carbon and 
energy. The strain had degraded phenol concentration of 900 ppm in 30 h, but had no marked degradation activity on 
4-chlorophenol. Supplying the strain with phenol and 4-chlorophenol both at 150 ppm, C. tropicalis W1 could 
completely degrade them in 20 h. The results demonstrate that the phenol can induce the degradation of 4-
chlorophenol.  
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1. Introduction 
Phenol and chlorophenol compounds are extensively used in several fields [1,2], including    
pharmaceutical industries, pesticide manufactures, petroleum refineries, paper industries, resin and dye 
manufactures. Their discharge to the environment is of great concern because of their toxicity and 
suspected carcinogenicity [3]. Because of the improper treatment of these materials, they have widely 
contaminated soil and groundwater, and their toxicity seriously affects living organisms [4]. 
Removal of phenol and chlorophenol compounds from soil or wastewaters can be achieved through 
aerobic biodegradation by bacteria and fungi. Microorganisms have diverse catabolic pathways for 
breaking down many types of recalcitrant and xenobiotic pollutants under gentle conditions with few 
byproducts, and plays important roles in environmental biotechnology [5]. Biodegradation was believed 
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to have great potential for pollutants treatment. Efforts were put into isolating various microorganisms for 
removal of phenol and chlorophenol from environment. 
It has been reported that many mesophilic microorganisms are able to degrade phenol and 4- 
chlorophenol (4-CP), including Pseudomonas spp. [2,6-8], Alcaligenes spp. [9,10], Spreptomyces setonii 
[11], Bacillus stearothermophilus [12], Azotobacter spp. [13], Arthrobacter ureafaciens [14]. Although 
bacteria are most likely to be responsible for breakdown of phenol and chlorophenol compounds, fungi 
including Trichosporon cutaneum [15], Candida tropicals [16,17], Fusarium spp. [18-20], Aspergillus 
spp. [21,22], Graphium spp. [23] are also capable of utilizing phenol or 4-CP as the major carbon source.  
Knackmuss and Hellwig found that Pseudomonas sp. B13 could grow using phenol as only carbon 
resource and has strong biodegradative ability to detoxificate 0.15 mM phenol and 4-CP in 2 h [6]. 
Fusarium sp. HJ01 can degrade 400 ppm phenol in 8 days [19], and 100 ppm 4-CP can be degraded 
completely by this strain in 120 h in the substrate with 1 g/L sucrose added, which indicate that adding 
sucrose can markedly promote 4-CP degradation [18]. Aspergillus awamori has the ability to mineralize 
phenol concentration of 300 ppm in 60 h, 600 ppm in 72 h, and 1000 ppm in 7-8 days [21]. The phenol 
degradation by C. tropicalis has been widely studied. Chang et al. investigated that C. tropicalis could 
grow normally under 3300 ppm phenol, and the fusant of C. tropicalis could tolerate 400 ppm phenol. 
Both of the two strains could degrade 500 ppm phenol completely [24]. Alcaligenes sp. A7-2, a 
conjugation strain of Alcaligenes sp. A7 can degrade 0.15 mM 4-CP in 5 h [9]. A. ureafaciens CPR706 
degraded 4-CP via a hydroquinone pathway and 1.0 mM 4-CP was mineralized completely in 30 h [14].  
In this study, a strain of C. tropicalis W1 was isolated with phenol as the only carbon source, and the 
degradation characteristics of phenol and 4-CP by this strain was studied. 
2. Materials and methods 
2.1. Microorganism and culture medium 
Strain W1 was isolated in this study. 
The growth medium (LB) for W1 contains tryptone 10 g/L, Yeast extract 5 g/L, NaCl 10 g/L. 
The mineral salts medium (MSM) for W1 contains NH4NO3 1.0 g/L, KH2PO4 0.5 g/L, K2HPO4·7H2O 
0.5 g/L, NaCl 0.2 g/L, MgSO4·7H2O 0.2 g/L, CaCl2 0.1 g/L, MnSO4·H2O 10 mg/L, FeCl2 10 mg/L. 
2.2. Screening and isolation of microorganisms with phenol 
The sludge sample was collected from the sewage pipes buried in the beach of Yellow Sea in 
Yantai region of China. Approximately 1 g sample was suspended in 10 ml 0.9% saline solution by 
strong oscillation. Biodegradation activity of each samples was measured by different concentration of 
phenol. 20 ml of LB medium (with1.5% agar) with phenol was solidified in a 9-cm Petri dish to make a 
plate. The plates were inoculated with 20 ȝl samples. The dish were cultured for 2 days at 30 °C. 
Microbial colonies were selected, and the pure colony was obtained after repeated selective culture with 
phenol. 
2.3. Biodegradation experiment 
The cells used for biodegradation studies were harvested from the cell culture which had been 
inoculated W1 for 24 h in LB medium. The cells were obtained by centrifugation at 5000 rpm, 4 °C for 
15 min, and washed twice with 0.9% saline solution, and then suspended in MSM. 1 ml suspension of W1 
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(OD600=1.0) was inoculated into 25 ml MSM culture with phenolic compounds. Every experiment was 
performed in triplicate, and the arithmetic means of three were used for the data shown here. 
2.4. Quantitative analysis methods of phenol and 4-CP 
Phenol and 4-CP were extracted from MSM culture with ethyl acetate. The concentration of phenol 
and 4-CP were determined by high performance liquid chromatography (HPLC) (Agilent 1200 Series LC, 
Agilent Technologies, USA), equipped with a Zorbax ODS C-18 column and a UV detector operating at 
270 nm. The mobile phase was composed of methanol-water (60:40, v:v). The Àow rate of the mobile 
phase was 1 ml/min at 25 °C, and the injection volume was 10 ȝl. 
3. Results and discussion  
3.1. Isolation and characterization of strain W1 
The W1 strain was chosen for this investigation because of its ability to grow on agar plates containing 
500-1500 ppm of phenol. Based on physiological and biochemical tests and 26S rDNA sequence analysis 
by Takara Biotechnology (Dalian, China) Co., Ltd, it was identified as C. tropicalis [25]. 
3.2. Screening and isolation of microorganisms with phenol 
To investigate the biodegradation activity of C. tropicalis W1, the experiments were performed in 
MSM with 0~900 ppm of phenol. Figure 1 shows the growth and phenol consumption curves for C. 
tropicalis W1, and the initial concentration of phenol is 900 ppm. It was observed that phenol exerted a 
strong inhibitory effect on both cell growth and phenol degradation, and there was an approximate 15 h 
delay in the degradation process. C. tropicalis W1 could degrade completely 900 ppm phenol in 30 h, 
which shown in Figure 1, and the phenol degradability data were fitted well with a Sigmoidal Gompertz 
equation [25]. The results indicated that the strain W1 was capable of utilizing phenol as a source of 
carbon, although it took several hours to adjust to the toxicity of phenol. 
3.3. Screening and isolation of microorganisms with phenol 
When C. tropicalis W1 was grown on 4-CP as sole source of carbon, special attention must be paid to 
the substrate, because of the greater toxicity of chlorophenol than phenol [26,27]. The definite fact are 
also indicated in Figure 2, which shows that C. tropicalis W1 can not utilize 4-CP at concentration up to 
150 ppm in 30 h, and the strain can not grow well in MSM medium with 4-CP as the sole carbon source.  
Compare to the sole degradation of 4-CP, the strain W1 required much less time to remove the same 
amount of 4-CP when the MSM medium also contained 150 ppm phenol. It took only 20 h to degrade 150 
ppm 4-CP completely, and the degradation of 4-CP with a lag phase of 5 h, shown in Figure 2. Similar 
kind of observation was made in case of biomass increase of the strain. When cultured in the mixture of 
phenol and 4-CP, the strain W1 grown very well with the OD value up to 2.17. The Figure 2 indicated 
that phenol could enhance the degradation of 4-CP significantly.  
3.4. Screening and isolation of microorganisms with phenol 
As shown in Figure 2, the strain W1 was not able to use 4-CP as a source of carbon and energy. 
Similar kind of observation was made by Krug et al. [16]. As described above phenol could enhance the 
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degradation of 4-CP significantly. When the strain W1 were cultured in MSM medium with phenol and 4-
CP, the strain could use phenol as a carbon source and energy firstly. After 5 h of incubation, the 
degrading ability of 4-CP was stimulated, and the phenol-induced cells were capable of reducing 4-CP. 
The ability of the microbial degradation of phenolic compounds depends on several specific enzymes, 
such as hydroxylase and dioxygenase [28]. Phenol might be able to induce the formation of 4-CP 
degrading enzymes, and this work remains to be further studied.  
 
 
Fig. 1.  The degradation of  phenol and  accumulation of the strain biomass.ƹ phenol; Ÿ biomass of W1 shown by OD600 
 
Fig. 2.  The degradation of  phenol and  accumulation of the strain biomass. (ƹdegradation curve of 4-CP when 4-CP as the sole 
carbon source; ƺbiomass of W1 when 4-CP as the sole carbon source; Ƶ degradation curve of 4-CP when phenol and 4-CP as the 
carbon source; ƶ biomass of W1 when phenol and 4-CP as the carbon source.) 
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